We investigated whether Thalamita crenata, a swimming crab found on the East African intertidal flats, uses landmarks to locate its refuges. We modified the visual panorama of an intertidal flat, using conspicuous movable objects, and conducted homing trials with the local population of swimming crabs. In the first set of trials, after being moved away from their dens, the crabs were immediately able to find other known dens, using direct shortcut paths. In the second set of trials we moved all the artificial landmarks surrounding a crab's den 5 m away and then displaced the crab itself. The crabs made initial navigational errors in accordance with the new position of the landmarks; this shows that they oriented themselves by remembering the landmarks. We then repositioned the landmarks and released the crabs far from the familiar area, on a similar flat. This time the crabs could rely only on the artificial landmarks; they used this information and reached the point where home should have been according to the landmarks. Thus, T. crenata showed good spatial knowledge, based on the storage of landmark memories. This orienting mechanism is much more flexible and complex than those of other crabs and is comparable to the route-based memory of honeybees, Apis mellifera.
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Although crustacean homing abilities are the least studied amongst the arthropods, it is becoming clear that these animals are good at homing (Wehner 1992; Vannini & Cannicci 1995) . Unfortunately, there are few quantitative data available especially about mechanisms. Several homing mechanisms have been suggested but not yet tested.
The only study to investigate homing mechanisms in crustaceans involved the orientation of fiddler crabs, genus Uca (Herrnkind 1972). These small crabs, which feed in loops up to 1 m long (Altevogt & von Hagen 1964) , rely on an 'Ariadne's thread' mechanism (Wehner & Wehner 1990) based on idiothetic information to integrate their foraging routes and to return to their dens (von Hagen 1967; Herrnkind 1972) . A direct view of the surrounding landmarks does not help them return home when they are passively displaced or translated (Cannicci et al. 1999 ). Hence they rely on an egocentric system of references (sensu Wehner 1992), similar to those of spiders (Seyfarth & Barth 1972) and insects (Wehner 1992) . However, their way of life more closely resembles that of terrestrial arthropods than marine crabs. For instance, since they are active outside the water, they can perceive the position of the sun and the pattern of polarized skylight. They use this orienting information as well as hymenopterans do (Herrnkind 1972) . Moreover, they walk on the ground and, like ants and spiders, can store internal information from their limbs to count the number of steps they take.
Intuitively, spiny lobsters and swimming crabs cannot make use of the same frame of references. Nevertheless, these underwater crawlers and swimmers are capable of well-oriented journeys back and forth from their refuges, usually over longer distances than those of fiddlers (Herrnkind 1980) . Caribbean lobsters, Panulirus argus, in particular, do not need any Ariadne's thread to move within their activity area and they are thought to learn the spatial distribution of natural dens (Herrnkind & McLean 1971) . A similar spatial memory was proposed to explain the homing capabilities of both the spider crab Inachus phalangium (Diesel 1986) , which is able to learn the spatial distribution of females within its activity area, and the arboreal crab Sesarma leptosoma (Cannicci et al. 1997) , which migrates to the mangrove canopy every day and then returns to its den. A similar visual-based
